Introduction
This and other evidence, both for Shaker and KcsA, support the conclusion that the intracellular gate for Voltage-dependent K ϩ channels (Kv channels) respond both quaternary ammonium channel blockers and cysto membrane depolarization with a rapid opening or teine modifying MTS reagents is located at the bundle "activation gating." This process involves a voltage sencrossing (Holmgren et al., 1998; ). An engisor responsible for sensing the voltage across the memneered metal bridge between sites above and below the brane and a gate responsible for the actual opening and bundle crossing can lock the channel in the open state closing of the pore. Armstrong (1966 Armstrong ( , 1971 Armstrong ( , 1975 first (Holmgren et al., 1998) . Quaternary ammonium blockers proposed that the activation gate was located at the bind (and are trapped) in the internal cavity lying beintracellular entrance to the pore. He discovered that tween the bundle crossing and the selectivity filter (Yeltetraethylammonium and its long chain derivatives block len et al., 1991; Holmgren et al., 1997; Zhou et al., 2001 ). the squid axon delayed rectifier K ϩ channel only after And, spin-label studies on KcsA suggest significant moit has been opened, as if the access of these quaternary tion of the lower S6 (Perozo et al., 1998), consistent with ammonium (QA) blockers to their binding site is regugating motions in this region. lated by the gate that opens and closes the pore. Once Several important questions remain concerning this these blockers are bound to their site in the pore, they intracellular gate. First, is this gate, which clearly govcan interact with the activation gate in either of two erns access of channel blockers and cysteine modifying ways, both consistent with the existence of a gate at chemicals, also the key site for gating of K ϩ movements? the intracellular mouth: the blocker can prevent the gate An alternative site for activation gating of ion movements from closing (by a foot in the door effect) ( . To make this measurement, we very small fractional open probability. At Ϫ90 mV, the reaction rate is ‫0052ف‬ times slower than at 0 mV. This opened channels with voltage, blocked them with Ba 2ϩ , applied Cd 2ϩ for a defined period of time, and then relarge reduction in Cd 2ϩ on-rate is apparently a consequence of channel gating rather than any intrinsic voltmoved both ions and measured the persistent reduction in current; this process was repeated to find the time age dependence for the divalent cation binding in the pore; there is no significant difference between the rates course of Cd 2ϩ inhibition for Ba 2ϩ blocked channels. We found that Ba 2ϩ blockade produced almost no difference measured at 0 mV and at ϩ60 mV (data not shown), as would be expected if substantial intrinsic voltage in the rate of Cd 2ϩ inhibition of open 474C channels ( Figure 2B) Lü and Miller (1995) , Ag ϩ makes an ideal reagent to study the narrow parts of the pore because: 1) it is very similar in size to K ϩ ions; 2) like K ϩ , Ag ϩ allows rapid exchange of inner-shell water molecules in aqueous solutions; and 3) Ag ϩ reacts strongly with the thiol group of a cysteine. These properties make Ag ϩ a very good probe to test whether the intracellular gate is likely to restrict K ϩ flow through the channel.
There are several experimental difficulties in working with Ag ϩ . Because AgCl is insoluble, it is necessary to work with non-chloride-containing nitrate solutions. Nitrate solutions alone make patches unstable, and this problem is worse when Ag ϩ is added. Also, we found initially that the results obtained with Ag ϩ application were very variable; unbuffered Ag ϩ solutions appear to wash in very slowly (seconds), as though some part of the experimental system has a binding capacity for Ag ϩ . To avoid this problem, we used EDTA as a buffer to give the desired concentration of free Ag ϩ (this entailed using no divalent cations in the intracellular solution, which further compounds the problems with patch stability).
When applied to 474C channels, Ag ϩ produces a complete and irreversible inhibition of the current; under the same conditions it only causes a small reduction ‫)%02-%01ف(‬ in the current of wild-type channels (data not shown). We then studied whether Ag ϩ access to 474C is state dependent. Figure 3A shows an example of 474C channel modification by Ag ϩ in the open state. Upon opening the channels, 0.2 M free Ag ϩ produced a very rapid current inhibition, from which we directly estimated the reaction rate. To obtain the reaction rate in the closed state, 474C channels were repeatedly exposed to 2 M free Ag ϩ (Figure 3B ), and the current 
